(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date (10) International Publication Number 

24 January 2002 (24.01.2002) pcT WO 02/06792 A2 



(51) International Patent Classification^: GOIN 1/28. 

23/20,23/223 

(21) International Application Number: PCT/USO 1/22349 

(22) International Filing Date: 17 July 2001 (17.07.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/218,777 



18 July 2000 (18.07.2000) US 



(63) Related by continuation (CON) or continuation-in-part 
(CIP) to earlier application: 

US 60/218,777 (GIF) 

Filed on 18 July 2000 (18.07.2000) 

(71) Applicant (for all designated States except US)i UOP 
LLC [US/US]; 25 East Algonquin Road, Des Plaines, XL 
60017-5017 CUS). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): WENDELBO, 
Rune [NO/NO]; Sintef, 124 Blindem, N-0314 Oslo 
(NO). AKPORIAY£» Duncan, E. [GB/NO]; Sintef, 124 
Blindran, N-0314 Oslo (NO). DAHL, Ivar, M. [NO/NO]; 
Sintef, 124 Blindem, N-0314 Oslo (NO). KARLSSON, 
Arne [SE/NO]; Sintef. 124 Blindem, N-0314 Oslo (NO). 
LEWIS, Gregory, J. [US/US]; UOP LLC. 25 East Al- 
gonquin Road, Des Plaines, DL 60017-5017 (US); BEM, 
David, S. [US/US]; UOP LLC, 25 East Algonquin Road, 



Des Plaines, IL 60017-5017 (US). RINGWELSKI, An- 
drew, Z. [US/US]; UOP LLC, 25 East Algonquin Road, 
Des Plaines, XL 60017-5017 (US). MURRAY, Richard, 
C, Jr. [US/US]; UOP LLC, 25 East Algonquin Road, 
Des Plaines, IL 60017-5017 (US). BRATU, Cheryl, 
M. [US/US]; UOP LLC, 25 East Algonquin Road. Des 
Plaines, IL 60017-5017 (US). 

(74) Common Representative: UOP LLC; 25 East Algonquin 
Road, Des Plaines, IL 60017-5017 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB. BG, BR. BY, BZ, CA, CH. CN. CO. CR, CU. 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH. 
GM, HR, HU, ID, IL, EST, IS, JP. KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK. 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN. YU, ZA, 

zw. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE. LS, MW, MZ, SD, SL, SZ. TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH. CY, DE, DK, ES, FI, FR, GB. GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GQ, GW, ML. MR, NE. SN. TD. 
TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations *' appearing at the begin-- 
ning of each regular issue of the PCT Gazette. 



^ (54) Title: PROCESS OF PARALLIEL SAMPLE PREPARATION 

(57) Abstract: A process of forming an airay of powder samples arranged in predefined locations where all samples have a flat 
sniface in a common plane has been developed. A main support having at least N perforations from a first surface of the main 
support through a second surface of the main support in predefined locations, where N is the number of samples in the array is 
provided. The main support is equipped with a flat support temporarily attached to its first surface. AU N samples are loaded 
simultaneously with sample X in perforation X of the main support where X is an integer fix)m 1 to N. A flat surface of each sample 
where the flat surfaces are a common plane is formed by forcing the samples within the perforations against the flat support The 
samples are retained in position within the perforations against the flat support, and are made ready for analysis by exposing the flat 
surfaces of the samples by removing the flat support. The exposed flat surfaces of the samples are in predefined locations and are all 
in a common plane. Alternatively, the flat support may be permanently attached to the main support. 
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"PROCESS OF PARALLEL SAMPLE PREPARATION" 



CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of priority of our co-pending 
Provisional Application No. 60/218,777 filedJuly 18, 2000. 

5 FIELD OF THE INVENTION 

[0002] The Invention relates to a process and apparatus for the parallel 
isolation and preparation of multiple samples for powder X-ray diffraction 
analysis. 

BACKGROUND OF THE INVENTION 

10 [0003] X-ray powder diff ractometry is a commonly used analytical technique 
for identifying the structure of a material. Fundamentally, the procedure involves 
directing a small beam of monochromatic X-rays into a polycrystalline sample 
and then recording the resultant pattern of diffracted X-rays as diffraction signal 
peaks on film or using a detector. Since different substamces produce unique 

1 5 diffraction patterns due to their atomic arrangement, this technique serves as a 
"fingerprinf for identification of both known and unknown materials. 

[0004] General sample preparation for X-ray powder diffractometry involves 
placing a powder sample into a sample holder which is then inserted into the: 
X-ray powder diffractometer. The design of tiie sample holder is important for 

20 both ease of use and for obtaining the best analytical results. For example, 

collection of the desired data is enhanced if the sample holder is constructed of 
material which does not produce strong background signal intensity which may 
alter or conceal small peaks caused by the sample. If the constmction material of 
the sample holder does produce large diffraction peaks, it is preferred that the 

25 large diffraction peaks not be In the vicinity of the diffraction peaks of Interest 
from the sample. 

[0005] Traditionally, a sample holder for X-ray powder diffractometry would 
contain a single sample for analysis, with sample changers being used to 
analyze multiple samples in sequence. However, with the growth of 

1 
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combinatorial approaches to the synthesis of new materials, a need has arisen 
for handling and preparing arrays of sampfes for analysis. The most efficient 
techniques are those that manipulate entire arrays of samples in parallel as 
opposed to manipulating samples individually, i.e., one at a time. One such 
5 approach is documented in Choi, Kwangwook; Gardner, David; Hilbrandt, Nicole, 
Bein, Thomas, Angew. Chem. Int. Ed. 1999, 38, No. 19, 2891-94 where products 
from hydrotherma! synthesis are washed and isolated as an array using a 
custom-designed centrifuge apparatus and the samples are collected on filter 
paper and transferred to a sample holder for X-ray analysis. The custom- 

1 0 designed centrifuge apparatus consisted of two different filter papers, glass 
microfibre and normal filter paper, a PVC main support with a matching hold 
pattern, a filtrate reservoir and a PVC cylinder. Two pieces of filter paper were 
placed between the multiclave hydrotherma! synthesis vessel and the PVC main 
support that was connected to the filtrate reservoir. For washing, the multiclave 

1 5 and the PVC main support were turned upside down, and water was added into 
the holes of the PVC main support and then forced into the multiclave by 
centrifugation. The steps were repeated several times. 

[0006] Another approach is disclosed in Klein, Jens; Lehmann, Christian W.; 
Schmidt, Hans-Werner; Maier, Wilhelm F. Angew. Chem. Int. Ed. 1998 37, 

20 No. 24, 3369-72 where the bottom of a multiclave synthesis vessel is a silicon 
wafer. Upon completion of the reaction in an autoclave and cooling, reaction 
solution was removed from the solids using small porous rods with the solids 
remaining on the surface of the silicon wafer. The product was washed several 
times directly in the multiclave synthesis vessel and heated to remove the 

25 moisture. The silicon wafer with dried-on crystals was removed and calcined and 
the products sintered onto the silicon wafer. The silicon wafer was mounted In 
the X-ray diffractometer and the beam was focussed at the location of each 
individual spot of sample. 

[0007] The invention disclosed herein, however, provides a process and 
30 apparatus for preparing an array of samples where each sample has a flat 
surface at a predefined location and where the flat surfaces are in a common 
plane. The sample preparation of the present Invention allows for the sample 
holder containing the array of samples to be positioned within an X-ray powder 
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diff ractometer in a matter of seconds and the array of samples to be analyzed In 
a very efficient manner. 

SUMMARY OF THE INVENTION 

[0008] One purpose of the present invention is to provide an apparatus and 
5 process of forming an array of powder samples arranged in predefined locations 
where all samples have a flat surface in a common plane. This is accomplished 
by first providing a main support section having at least N depressions defining 
openings In a first surface of the main support section in predefined locations, 
where N is the number of samples in the array, and N is at least two. A flat 
10 support section is adapted to cover the openings of the main support section and 
at least temporarily fixed against movement in a direction perpendicular to the 
openings of the main support section. All N samples are loaded simultaneously 
with sample X In depression X of the main support section where X is an Integer 
from 1 to N. A flat surface of each sample where the flat surfaces are a common 
1 5 plane Is formed by forcing the samples within the depressions against the flat 
support section. The samples are retained In position within the perforations 
against the flat support section and are made ready for analysis by exposing the 
flat surfaces of the samples by limiting the thickness of the flat support section or 
by removing the flat support. The exposed fiat surfaces of the samples are In 
20 predefined locations and are all in a common plane. 

[0009] One purpose of the present Invention Is to provide a process of 
forming an array of powder samples anranged in predefined locations where all 
samples have a flat surface In a common plane. This is accomplished by first 
providing a main support having at least N perforations from a first surface of the 
25 main support through a second surface of the main support in predefined 

locations, where N is the number of samples In the array. The main support is 
equipped with a flat support temporarily attached to its first surface. Then all N 
samples are loaded simultaneously with sample X in perforation X of the main 
support where X is an integer from 1 to N. A flat surface of each sample where 
30 the flat surfaces are a common plane is formed by forcing the samples within the 
perforations against the fiat support. The samples are retained in position within 
the perforations against the flat support and are made ready for analysis by 
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exposing the flat surfaces of the samples by removing the flat support. The 
exposed flat surfaces of the samples are In predefined locations and are all in a 
common plane. . 

[0010] Another purpose of the invention is to provide another process of 
5 forming an array of powder samples arranged in predefined locations where all 
samples have a flat surface in a common plane by first providing a main support 
having at least N perforations from a first surface of the main support to a 
second surface of the main support In predefined locations, where N Is the 
number of samples in the array. The process next involves providing a flat 

1 0 support attached to the first surface of the main support where the flat support is 
typically from 1 to 1 0 microns thick and is constructed of material which 
preferably has no more than a minimal X-ray powder diffraction pattern at the 
angles of interest. The array of samples is simultaneously loaded into the main 
support with sample X in perforation X of the main support where X is an integer 

15 from 1 to N. The flat surface of each sample is formed where the flat surfaces 

are in a common plane by forcing the samples within the perforations against the 
flat support. Again, the flat surfaces are formed in predefined locations and are 
all in a common plane. 

BRIEF DESCRIPTION OF THE DRAWINQS 

20 [0011] FIG- 1 is a sectional view of one embodiment of the sample holder of 
the invention. In FIG. 1 , the perforations in the medn support are of the same 
diameter throughout the main support. 

[0012] FIG. 2 is a sectional view of another embodiment of the sample holder 
of the invention. In FIG. 2, the perforations In the main support have a smaller 
25 diameter at the intersection with the first surface of the main support than at the 
intersection with the second surface of the main support. 

FIG. 3 is a sectional view of yet another embodiment of the sample holder 
of the invention. In FIG. 3, a film is attached to the first surface of the main 
support before the flat support is attached. 
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[001 3] FIG. 4 is a sectional view of still another embodiment of the sample 
holder of the Invention. In FIG. 4, a piston is used as a retaining means and is 
positioned within the perforations of the main support. 

DETAILED DESCRIPTION OF THE INVENTION 

5 [0014] The present invention is a process for the parallel sample preparation 
of an array of samples which will typically be employed prior to performing 
sample analyses. The process was developed for use in preparing an array of 
samples for analysis by X-ray powder diff ractometry, but the process may be 
used in preparation for analysis for any analytical technique that would benefit 

10 from having the array of samples in predefined locations and all having a flat 
surface in a common plane. For example, other analyses that may benefit from 
the sample preparation of the present invention include scanning electron 
microscopy, X-ray fluorescence, X-ray absorption, near edge spectroscopy, 
diffuse reflectance infrared Fourier transfomn spectroscopy (DRIFTS), diffuse 

15 reflectance ultraviolet-visible spectroscopy, Raman spectroscopy, and 

photoacoustic Infrared spectroscopy. For ease of understanding, the discussion 
below will focus on the situation where the array of samples is prepared for the 
analytical technique of X-ray powder diffractometry. 

[001 5] Several criteria are important when preparing an array of samples for 
20 X-ray powder diffractometry. First, It is important that the flat surfaces of the 
samples in the array are formed in predefined locations. Assigning predefined 
locations allows for the proper repeatable positioning of each sample within the 
X-ray powder diffractometer. Assigned, predefined sample locations alsp provide 
enhanced efficiency for the analysis of large numbers of samples by providing 
25 the opportunity for standard sample positioning. For example, In X-ray powder 
diffractometry, it Is difficult and time consuming to sequentially focus the X-ray 
beam on randomly positioned spots on a silicon wafer. Sequential focusing at 
• random positions may be successful; see Klein, Jens; Lehmann, Christian W.; 
Schmidt, Hans-Werner; Maier, Wilhelm F. Angew. Chem. Int. Ed. 1998 37, 
30 No. 24, 3369-72, but the present invention provides superior efficiency through 
the formation of the flat surfaces in predefined locations. Each of the samples is 
positioned in "diffracting position" which is at the center of the diffraction circle. 
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The X-ray tube and detector are generally fixed on arms that move them around 
the diffraction circles and are generally not readjusted or routinely aligned. The 
predefined locations of the present invention provide efficiency Improvement In 
that the sample holder may be moved among predefined stop positions in an 
5 automated fashion thereby eliminating the need for the samples to be 

individually aligned for each sample analysis. Second, it is important that the 
surface of the sample that Is exposed to the X-ray beam is flat. Unless the 
surface of the sample is fiat, the detected diffracted X-rays will not give accurate 
results since diffraction geometry will not be aligned. 

1 0 [001 6] Third, it is important that the flat surfaces of the samples exposed to 
the X-ray beam are all in a common plane. In the present invention, the sample 
holder containing the array of samples may be mounted into the X-ray powder 
diffractometer as a unit, and the X-ray beam must be able to reach each sample 
for analysis, even when the X-ray beam is operating at low angles. To illustrate 

15 the Importance of having the flat surfaces of the samples all in a common plane, 
take the situation of an array formed by isolated samples on a filter paper and 
specifically two adjacent samples in the array, Sample A and Sample B. 
Suppose the quantity of Sample A is high and thus forms a deposit on the filter 
paper that has a height, H, while the quantity of Sample B is lower and thus 

20 forms a deposit on the filter paper that has a height, L. Height H is greater than 
height L relative to the filter paper surface. When analyzing Sample B, the X-ray 
beam at times may actually be blocked by height H of sample A and some of the 
X-ray diffraction detected would be due to the X-ray beam Impinging on Sample 
A and not on the intended Sample B. The resulting data would not be unique to a 

25 single sample, but confounded among several samples. The problem is 

magnified when the X-ray beam is incident at low angles where even relatively 
small differences in the height of the adjacent samples In the array may cause 
such interferences. 

[0017] The process of the present invention achieves these three criteria for a 
30 plurality of samples while at the same time increasing efficiency. The process 
begins with providing the equipment used. Several different types of equipment 
may be used to accomplish the goals of the process and the preferred 
embodiments are disclosed here. In a first embodiment, a first component of the 
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equipment Is a main support liaving at ieast N perforations from a first surface of 
the main support to a second surface of the main support in predefined 
locations, where N is the number of samples in the array. See FIG, 1 where the 
main support is 2 and the N perforations are 4. One example of a suitable main 
5 support is a block. The main support may be constructed of material such as 
Teflon™, polycarbonate, polystyrene, polypropylene, or polyethylene. It Is 
preferred that the main support be constructed of material that 1 ) does not have 
a strong X-ray diffraction pattern In the region of Interest 2) is lightweight, 3) is 
inexpensive, 4) is capable of being mass produced; and 5) has durable flat 
10 surfaces that do not deform. 

[0018] Perforations from a first surface of the main support, 6 of FIG.1 , to a 
second surface, 8 of FIG. 1 , of the main support provide the predetermined 
region for each of the samples in the array (discussed In greater detail below). It 
Is preferred that there are at least as many perforations in the main support as 

15 there are sanriples In the array. The perforations in the main support are 

preferably located In a set basic pattern that Is maintained from main support to 
main support within a particular sample fbnmat. The sample format may vary, 
. however, such as the overall number of perforations, i.e., 24, 48, 96 perforations, 
or the sizes of the perforations. Maintaihing a standard basic pattern 

20 configuration among different main supports allows for known reproducible 
locations of samples. Analytical Instmmentatiort may then be configured and 
programmed to operate with the standard basic pattem of samples. It may be 
preferred to match the perforation pattern of the main support with a pattern from 
another unit of equipment such as a set of synthesis reactors or cells, or a wash 

25 plate. Matching patterns allow for the simultaneous transfer of sample arrays, 
which is discussed In greater detail below. The shapes of the perforations are 
not critical, any may be circular, square, rectangular, or any shape that Is 
capable of being manufactured as a perforation In a main support, but certain 
shapes do have advantages. For example, cylindrical perforations are prefen^ed 

30 due to their ease of fabrication. In situations where tiie quantity of sample is 
limited, perforations having a reduced cross-section at one surface of the main 
support are prefen-ed in order to form the required flat surface of sarhple while 
using only llrt)ited quantities of sample. FIG. 2 shows perforations 4 where the 
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diameter of perforations 4 are greater at the Intersection witli surface 6 of main 
support 2 than at surface 8 of main support 2. Using the apparatus shown In FIG 
2 would allow for the flat surfaces of the array of samples to be formed in the 
same plane with reduced sample volumes. 

5 [001 9] Adjacent one preferably flat surface of the main support which 

contains the perforation openings is a flat support, 10 of FIGs. 1 and 2. The flat 
support may be permanently or temporarily attached to the main support. 
Depending upon the embodiment of the sample process being employed, the flat 
support may be constructed of material that allows for transmission of X-rays 

1 0 through the flat surface. It is preferred that the diffraction of X-rays from the flat 
surface does not yield an X-ray powder diffraction pattern with high noise or 
peaks at the angles of interest for the samples In the array. Examples of suitable 
materials include polycarbonate, polyethylene, polypropylene, and lithium borate. 
When the flat support Is made of a material suitable for the transmission of X- 

1 5 rays. It Is also prefenred that the flat support have a thickness of from 0.01 

micron to 100 microns, with a more preferred thickness ranging from 1 micron to 
100 microns and a most preferred thickness ranging from 1 micron to 10 
microns. When the flat support is only temporarily attached to the main support, 
the flat support may be constructed of materials that would interfere with the 

20 transmission of X-rays or that would result in high noise or interfering peaks, and 
the flat support is hot limited in its thickness. In some embodiments of the 
process of the invention, the flat surface may be porous, or fluid permeable, with 
preferred pore sizes ranging from 0.01 to 100 microns, and most preferred pore 
sizes ranging from 0.1 to 1 micron. A preferred support is polyester or 

25 polycarbonate nucleo-pore filters. The flat support may be attached to the main 
support by a variety of means Including adhesion and pressure seals. 

[0020] It is most preferred that the X-ray diffraction pattem be free of noise or 
peaks attributable to the equipment used in holding the array of samples. While 
the preferred materials of construction for the main support listed above 
30 minimize interference, Interference may be further eliminated by Incorporating an 
additional layer of material over the main support. In one specific embodiment of 
the invention, the additional layer of material may be a film or foil of material; see i 
FIG. 3. Film 12 covers only main support 2 and has holes corresponding to 

8 



wo 02/06792 



PCTAJSOl/22349 



perforations 4 in main support 2. It is preferred that tlie film used have little or no 
detectable interference in the regions of interest for the particular analytical 
technique selected. In the case of X-ray powder diffraction, it is preferred that the 
film be silver film, gold film, aluminum film, nickel film, copper film or zinc film. 
For other analytical techniques, the film may be a different suitable material. 
When both the flat support, described above, and the film are used with a single 
main support, it Is preferred that the film is attached to the main support, and 
then the flat support is attached over the film as shown In FIG. 3. In another 
embodiment of the invention, a layer of material to eliminate Interference may be 
deposited over the surface of the main support. For example, zinc, copper, 
nickel, gold, or silver may be deposited over the surface of the main support to 
prevent Interference in the X-ray powder diffraction measurements. For ease of 
manufacture, a first material may be deposited with a second material being 
deposited over the first material. For example, for certain support materials, It is 
preferred to deposit zinc on the main support before depositing, for example, 
copper or nickel. General deposition techniques may be used to deposit the 
material and suitable techniques include metal spray (preferred), vapor 
deposition, metal organic chemical vapor deposition (MOCVD), and sputtering. 

[0021] While the foregoing description is a preferred embodiment of the 
Invention, the scope of the present Invention is considerably more broad. For 
example, another embodiment of the Invention is one where the main support 
and the flat support portions of the apparatus are sections formed from a 
monolithic block. The main support section has at least N depressions providing 
openings in a first surface of the main support in predefined locations where N is 
the number of samples in the array (N is at least two). The flat support sections 
is adapted to cover the openings of the main support section and at least 
temporarily fixed against movement In a direction perpendicular to the openings 
of the malri support section. The flat support section has a planer portiohs of the 
monolithic block extending beyond the depressions vwth one surface of the 
planar section forming the flat surface contacted by the samples and comprising 
a material with sufficient thickness and permeability to permit testing of the 
samples through the flat support section. A preferred thickness of the flat support 
section Is from 0.01 microns to 10 microns. This embodiment of the invention is 
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also illustrated by FIG. 1 . In contrast to the preferred embodiment above, 
however, In this embodiment main support 2 and flat support 10 are sections of a 
monolithic block, and perforations 4 of main support section 2 are considered to 
be depressions providing openings in a first surface of main support section 2. 
5 The flat support section 10 is adapted to cover the openings in the first surface of 
main support section 2 and at least temporarily fixed against movement in a 
direction perpendicular to the openings of the main support section. 

[0022] The process of the invention next requires the samples to be loaded 
into the perforations of the main support with each sample being loaded into an 
10 individual perforation. The samples may be loaded as dry powder, or the solid 

particles of the sample may be in a mixture with liquid. For example, the samples 
may be a product precipitate in a liquid reaction mixture, or the samples may be 
solid particles in a wash solution. It is preferred that the multiple samples be 
loaded into the respective perforations simultaneously. 

15 [0023] The flat surface of the sample is formed by forcing the samples in the 
perforations against the flat support. If the samples are a mixture of solid 
particles and a liquid, forcing the solid sample against the flat support may be 
accomplished by evaporating, drying, decanting, centrifuging, pipetting, freeze- 
drying, or adding sponging adsorbents. If the flat support is porous or fluid 

20 permeable, the liquid may be removed by centrifugation, gravity filtration, 

vacuum or suction filtration, or adsorbent filtration thus removing some or all of 
the liquid from the perforation. It must be emphasized that the term "forcing" as 
used herein is not limited to manually forcing the sample against the flat surface. 
The forcing of the samples may be accomplished by mere gravity or the removal 

25 of liquid. The sample is considered positioned correctly if it is positioned against 
the flat support to form a flat surface. 

[0024] In one embodiment of the invention, the samples are now ready for 
analysis by X-ray powder diffraction. The flat surface would remain attached to 
the main support and would preferably be constructed of material providing 
30 suitable transmission of the X-rays through the material, i.e., allowing a 
detectable quantity of X-rays to transmit through the flat surface, without 
resulting in excessive noise, or large, poorly defined peaks at the angles of 
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Interest. It is possible for the flat surface to be constructed out of material tliat 
results in peaks at the angles of interest provided that the pattern is well defined 
and known to the operator. In that situation, the pattern from the flat support may 
be easily subtracted out of the patterns of the samples. The X-rays would be 
5 directed toward the flat surface and the incident X-rays are transmitted through 
the flat surface to impinge on the sample. The diffracted X-rays are then 
transmitted back through the flat surface for detection. The X-ray powder 
diffraction pattern may be detected In any manner commonly known in the art. X- 
ray powder diffraction techniques are well known In the art and will not be 
10 discussed In detail here: 

[0025] Depending upon the X-ray diffractometer and its configuration, the 
sample holder may be mounted in the instrument so that gravity holds the 
samples packed against the flat surface of the sample holder. If the sample 
holder Is to be Inverted, or placed at various angles, It is preferred to use 

1 5 retaining means within the perforations to retain the sample against the flat 

surface. The retaining means may be a mechanical device such as a piston, or 
may be retaining material that is placed in the perforation. FIG. 4 illustrates a 
mechanical device as a retaining means. In FIG. 4, pistons 14 are positioned 
within perforations 4 of main support 2. Various retaining materials may be 

20 employed with the preferred being amorphous solids. Suitable examples include 
starch, wax, foil, cross-linked resins, and amorphous metal oxides such as silica, 
alumlnosilicate or aluminophosphate. Preferred materials should not alter the 
sample, should be effective in retaining the sample in place, and should not 
contribute to the X-ray powder diffraction pattern. Gravity may also be a retaining 

25 means. 

[0026] In another embodiment of the invention, the flat surfaces of the 
samples are exposed by removing the flat support that Is temporarily attached to 
the main support. Of course, in this embodiment, before the flat support is 
removed, the samples are retained in the correct position using the retaining 
30 means as described above. I.e., using a mechanical device or by loading 
additional material, or retaining material. In the perforations. The additional 
material may be any of those discussed above in the previous embodiment. In 
this embodiment, it is preferred that the sample holder be placed in the 
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instrument in a nnanner that allows gravity to aid in retaining tlie samples in 
position within the perforations. The term "sample holder" as used herein is 
meant to encompass all embodiments of the apparatus discussed herein. In 
some references the sample holder will comprise both the main support and the 
5 flat surface, while in other references the sample holder will comprise the main 
support after the flat surface has been removed and In other references the 
sample holder will comprise the main support with a film attached to prevent 
analytical interference from the material of the main support. 

[0027] The present invention may add great benefit to a combinatorial 

10 process for synthesizing materials. In combinatorial synthesis processes, a 
plurality of materials may be synthesized simultaneously In a parallel set of 
reactors. Using the present invention, the set of samples may be transferred to 
the sample holder, washed and ground if necessary, and prepared for X-ray 
powder diffraction analysis, all in parallel. Specifically, the array of newly 

15 synthesized materials may be transferred to the sample holder simultaneously, 
In parallel, for example, by locating the perforations in the sample holder in a 
pattern that corresponds to the pattern of the set of reactors, such as a 
multiautoclave, and inverting the sample holder over the reactors. The set of 
reactors and the sample holder are temporarily sealed, and the combined 

20 . equipment is rotated one hundred and eighty degrees so that gravity operates to 
transfer the material from each of the reactors into a corresponding perforation of 
the sample holder. After rotation, the sample holder will be on the bottom and the 
set of reactors will be inverted over the sample holder. If necessary, the reactors 
may be rinsed with the rinsings being transferred to the sample holder in the 

25 same, or any other, manner. The temporary seal may be accomplished by using, 
for example, a mat, preferably a rubber mat, with perforations that match the 
patterns of the perforations of the set of reactors and the sample holder. The 
rubber mat is preferably equipped on each side with formed, raised lips at the 
perforations that fit snugly Into the opening of the reactors and the perforations of 

30 the sample holder, ensuring reactor to perforation transfer. The seal may be 
enhanced by applying pressure. It is contemplated that both the synthesis 
reactors and the main support and flat surface of the present invention may be 
equipped with perforations through which bolts may be used to apply pressure 
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and form a seal for the transfer of the sample from the reactors to the 
perforations of the present Invention. 

[0028] If necessary, the materials transferred into the sample holder may be 
washed and ground in parallel. Grinding tools such as stainless steel or Teflon™ 
5 coated balls may be added to each of the perforations containing the samples. 
Optlonedly, a wash fluid may be added to each of the perforations. Water Is a 
preferred wash fluid. The sample holders may then be agitated, manually or 
mechanically, so that all of the samples in the array are simultaneously ground 
and washed. Upon completion of the grinding iand washing, the grinding tool Is 
10 removed, arid some or all of any liquid present may be removed. 

[0029JI In some applications, the flat suri^ace of the sample holder is not robust 
enough to withstand the parallel grinding step. The parallel grinding and optional 
washing may be perfonmed in a wash plate, with the contents of the wash plate 
being transferred after grinding and the grinding tool removed to the sample 

15 holder. The vyash plate may be any apparatus having multiple wells for the 
multiple samples, it is preferred that the pattern of the wells in the wash plate 
con-espond to the pattern of the perforations in the main support of the sample 
holder for ease of transfer of material from the wash plate to the sample holder. 
The array of samples may be transferred in any convenient manner such as 

20 those described above in the transfer of the samples from the synthesis reactors 
to the sample holder. Alternatively, a plate may be used to support the flat 
surface during the grinding and washing stage. 

[0030] Various different techniques may be employed to remove the liquid 
from the solid particles. The liquid may be decanted, may be removed via a 

25 porous medium inserted into the perforations, or may be pipetted from the 

perforations. It is preferred to centrifuge the mixtures in the perforations prior to 
removing the liquid, and it Is most preferred to remove the liquid during 
centrifugation. As discussed above, the flat surface of the sample holder may be 
constructed of material that is fluid permeable. Therefore, the sample holder may 

30 be loaded into a centrifuge and during centrifugation at least a portion of the 
liquid is forced through the fluid permeable flat surface of the sample holder 
thereby being separated from the solid particles. Of course, it is preferred to 
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equip the centrifuge with some adsorbent backing or chamber next to the sample 
holder to collect liquid. The centrifugation technique is further preferred due to 
the forcing of the solid particles against the flat surface to form all the flat surface 
in a common plane. The sample holder may then be removed from the 
5 centrifuge and placed into the X-ray powder diffractometer. Optionally, as 

discussed above, a retaining means, such as a mechanical device or retaining 
material, may be added to the perforations of the sample holder before 
placement on the X-ray powder diffractometer. 

[0031] The sample holder is positioned within the X-ray powder diffractometer 
10 so that the X-ray beam is directed toward all of the flat surfaces of the samples 
all in a common plane. In particular, the sample holder is positioned so that the 
X-ray beam impinges on the flat surface of a first sample. The X-ray powder 
diffraction pattern of a first sample is obtained, and the sample holder may then 
be repositioned so that a second sample is in alignment with the X-ray beam. 
15 The X-ray diffraction patterns of all the samples may be obtained in this manner. 
The predefined locations of the samples in the sample holder allow for the 
automation X-ray diffraction data collection process. 

[0032] It is important to note that the sample holder and process for forming 
an array of powder samples arranged in predefined locations where all samples 
20 have a flat surface in a common plane may be used in conjunction with other 
analytical techniques in addition to X-ray powder diffractometry. 



14 



wo 02/06792 



PCT/USOl/22349 



CLAIMS: 

1 . A method of forming an array of powder samples arranged, in predefined 
locations wfiere all samples have a flat surface in a common plane 
comprising: 

5 (a) providing a main support section (2) having at least N depressions . 

(4) providing openings in ia first surface (6) of the main support 
section (2) in predefined locations, where N Is the number of 
samples in the array and N is at least two; 

(b) providing a flat support section (1 0) adapted to cover at least one 
■JO end of the openings of the main support section (2) and at least 

temporarily fixed against movement in a direction perpendicular to 
the openings of the main support section (2); 

(c) loading sample X In depression X of the main support section (2) 
where X is an integer from 1 to N; 

15 (d) forming a flat surface of each sample where the flat surfaces are in 

a common plane by forcing the samples within thei depression (4) 

against the flat support section (10); 
(e) retaining the samples In position within the deprisssions (4) using 

retaining means; and 
20 (f) sufficiently exposing the flat surfaces of the samples in the 

predefined locations for testing over a common plane by limiting 
the thickness of the flat support section (10) or removing the flat 
support section (1 0). 

2. The method of Claim 1 wherein at least the main support section (2) 
25 comprises a monolithic block defining the depressions (4) in the form of 

perforations extending from the first surface (6) of the main support 
section (2) to a second surface (8) defined by the main support section (2) 

or the flat support section (10). 

3. The method of Claim 2 wherein the flat support section (1 0) has a 

30 thickness of from 0.01 to 1 0 microns and comprises a material that allows 

for the transmission of X-rays for testing of the sample. 

4. The method of Claim 2 wherein the main support section (2) and the flat 
support section (10) are distinct components, the main support section 
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defines (2) the second surface (8), the flat support section (10) is 
temporarily attached to the second surface (8) of the main support section 
(2), and the flat surfaces are openly exposed by removal of the flat 
support section (10). 

5 5. The method of Claims 1 or 3 wherein the main support section (2) and flat 
support section (1 0) are formed from a monolithic block, the flat support 
section (10) comprises a planar portion of the monolithic block extending 
beyond the depressions with one surface (8) of the planar section forming 
the flat surface contacted by the samples and the flat surfaces contacting 
1 0 the samples comprising a material with sufficient permeability to permit 

testing of the samples through the flat support section (1 0). 
6. The method of Claims 1-4 wherein the retaining means is a mechanical 
device. 

7- The method of Claim 6 wherein the retaining means is a retaining material 
15 added to the depressions (4) to fill additional volume. 

8. The method of Claims 2-4 further comprising covering the second surface 
(8) of the main support section (2) with a layer of material (1 2) prior to 
temporarily attaching the flat support section (1 0) where the material is 
selected to minimize any interference of the main support section (2) in an 

20 analytical analysis of the samples. 

9. The method of Claim 8 wherein the layer of material (1 2) is In the form of 
a film or a deposited layer of material. 

1 0. The method of Claim 8 wherein the analytical analysis is X-ray powder 
diffraction and the layer of material (12) is selected from the group 

25 consisting of silver, gold, copper, zinc, nickel, and aluminum. 

1 1 . The method of Claims 1 -4 wherein the samples X are simultaneously 
loaded into depressions X of the main support section (2). 

12. The method of Claims 1-4 further comprising, after loading the samples in 
step (c) of Claim 1 , adding a wash solution to each depression (4); and 

30 removing the wash solution from each depression (4). 

1 3: The method of Claims 1 -4 further comprising, after loading the samples in 
step (c) of Claim 1 , adding a grinding tool to each depression (4); agitating 
the main support section (2) and flat support section (1 0) to 
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simultaneously grind the samples in the depressions; and removing the 
grinding tool from each depression. 
1 4. The method of Claims 1 -4 wherein the forcing of the samples within the 
depressions (4) of step (d) of Claim 1 is accomplished by a technique 

5 comprising, adding a wash liquid and a grinding tool to each depression 

(4); agitating the main support section (2) and flat support section (1 0)to 
simultaneously wash and grind the samples in the depressions (4); and 
removing the wash liquid and grinding tool from each depression (4) 
wherein said technique also washes and grinds the samples. 

10 1 5. The method of Claim 1 4 wherein the wash liquid is removed by a 

technique selected from the group consisting of, evaporating, drying, 
decanting, centrifuging, pipetting, freeze-drying, and adding sponging 
adsorbents. 

1 6. The method of Claim 1 4 wherein the flat support section (1 0) is fluid 
15 permeable and the wash liquid is removed using a technique selected 

from the group consisting of centrifugation, gravity filtration, vacuum or 
suction filtration, and adsorbent filtration. 

1 7. The method of Claims 1 -4 further comprising mounting the main support 
section (2) in an X-ray powder diffraction instrument so that the X-ray 

20 beam is directed at the exposed flat surfaces of the samples to obtain an 

X-ray powder diffraction pattern of at least one sample. 

18. Themethodof Claims 1-4 further comprising synthesizing the anray of 
samples In a set of synthesis cells prior to loading the samples as in step 
(c) of Claim 1. 

25 19. A sample holder comprising: 

(a) a main support section (2) having at least N depressions (4) 
providing openings in a first surface of the rnain support section (2) 
in predefined locations, where N Is at least 2; and 

(b) a flat support section (1 0) adapted to cover at least one end of the 
30 openings of the main support section (2) and at least temporarily 

fixed against movement in a direction perpendicular to the 
openings in the first surface of the main support section (2). 
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20. The sample holder of Claim 19 further comprising a layer of material (12) 
attached to the second surface (8) of the main support section (2) where 
the layer of material (12) is selected to minimize any interference of the 
main support section (2) in an analytical analysis of the samples. 
5 21 . The sample holder of Claims 20 wherein the layer of material (1 2) is in the 
form of a film or deposited layer of material. 

22. The sample holder of Claims 20 or 21 wherein the layer of material (12) is 
selected from the group consisting of silver, gold, zinc, copper, nickel, and 
aluminum. 

10 23. The sample holder of Claim 19 wherein the flat support section (10) is 
attached to the second surface (8) of the main support section (2), said 
flat support section (10) having a thickness of from 0.01 to 100 microns 
thick and comprising a material which allows for the sufficient 
transmission of X-rays. 

15 24. The sample holder of Claims 19 or 23 wherein said depressions (4) are in 
the form of perforations that extend through the main support section (2) 
from the first surface to a second surface and have cross sections at the 
first surface. A, (6) greater than cross sections, B, at the second surface 
(8). 
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